Introduction: Differences across the HIV care continuum between men who have sex with men and women (MSMW) and men who have sex with men only (MSMO) are emerging in recent literature but have not been comprehensively documented among black MSM. Although MSMW have lower HIV prevalence than MSMO, they are more likely to be HIV-positive unaware and be virally unsuppressed. Explanatory factors for these differences have not previously been assessed. Results: MSMW were more likely than MSMO to be HIV-positive unaware [adjusted odds ratio (aOR) = 2.17; 95% confidence interval (CI): 1.58 to 3.00]. Among those who were HIV-positive aware (n = 720), MSMW were more likely to report never receiving HIV care (aOR = 2.74; 95% CI: 1.05 to 7.16) and to report detectable viral loads (aOR = 2.34; 95% CI: 1.31 to 4.19). Psychosocial comorbidities significantly mediated (P = 0.01) the relationship between MSMW status and unsuppressed virus.
INTRODUCTION
Trends in HIV diagnoses show an overall decrease in new infections in the United States, with 39,513 individuals diagnosed in 2015, a 19% decline from 2005. 1 Although promising, these decreases are not equal among all populations. For men who have sex with men (MSM), incidence of HIV rose 6% from 2005 to 2014. Despite representing approximately 2% of the population, 2 this group overwhelmingly carries the burden of the disease and comprised 67% of new infections in 2014. Black MSM are the most affected subpopulation, experiencing a 22% increase in diagnoses from 2005 to 2014. 1 To better categorize and understand disparities in HIV outcomes, Gardner et al 3 described an HIV care continuum, wherein HIV-positive individuals are initially diagnosed; linked to HIV care; retained in HIV care; uptake antiretroviral antiretroviral therapy (ART) medication; and, ultimately, achieve viral suppression. Black MSM who are HIV-positive are less likely to be diagnosed, linked to care, to have ever used ART, and to be virally suppressed, compared with white MSM. 4 Even research that has examined nonrepresentative clinical samples-where we would expect higher rates of viral suppression generally-has shown that less than 40% of black MSM have achieved this critical indicator. 5 Emerging research has suggested significant differences in outcomes across the care continuum between men who have sex with men only (MSMO) and men who have sex with men and women (MSMW). 6, 7 HIV diagnosis data are often collected in a manner precluding the identification of MSMW (who are aggregated alongside MSMO as MSM), although community-based samples consistently report lower prevalence rates of HIV among MSMW compared with MSMO: a recent meta-analysis estimated that MSMW were 59% less likely to have HIV than MSMO. 8 Despite their lower HIV prevalence rates, MSMW are more likely to experience later HIV diagnoses, lower rates of viral load suppression, and potentially greater disease progression compared with MSMO. An analysis of HIV-positive MSM enrolled in the Multicenter AIDS Cohort Study demonstrated that MSMW were 1.4-fold more likely than MSMO to have unsuppressed viral load. 7 An analysis of HIV-positive MSM using National HIV Reporting System data estimated that, compared with MSMO, a greater percentage of MSMW received an AIDS diagnosis within 1 year (5.6% higher) and 3 years (6.8% higher) of initial HIV diagnosis, suggesting that MSMW were more likely to be received delayed HIV diagnoses and less likely to initiate and maintain ART. 5 These differences may result from double discrimination (eg, biphobia) conferred on MSMW from both the gay and straight communities. [9] [10] [11] This discrimination can lead to MSMW receiving relatively less social support than MSMO, which has been theoretically and empirically associated with their greater burden of psychosocial comorbidities, including depression, substance use, and intimate partner violence. [12] [13] [14] [15] Although researchers have begun to examine differences in sexual risk behavior and psychosocial health between black MSMW and black MSMO, [15] [16] [17] there is a lack of research on differences in outcomes across the HIV care continuum between these groups. Despite the large body of literature examining correlates of HIV care continuum outcomes among black MSM and the aforementioned evidence of psychosocial disparities, researchers have not yet attempted to assess whether differences in psychosocial comorbidities between MSMW and MSMO may help explain differences in HIV-related outcomes within black MSM. We asked the following research questions: First, are black HIV-positive MSMW more likely than black HIV-positive MSMO to be HIV-positive unaware; to report never being in HIV care; to report not currently being in HIV care; to report lower uptake of ART; and to report detectable viral loads? Second, does a constellation of psychosocial health disparities (intimate partner violence; physical assault victimization; depression symptoms; and substance use) mediate the relationship between MSMW status and lower viral suppression in this population? We assessed these research questions using a large community sample of black MSM collected over 3 years in 6 different U.S. cities.
METHODS

Sample
Data for this study come from POWER, a serial crosssectional, community-engaged study of BMSM, and black transgender women in 6 U.S. cities: Atlanta, GA; Detroit, MI; Houston, TX; Memphis, TN; Philadelphia, PA; and Washington, DC. From 2014 and 2016, POWER used timelocation sampling to recruit individuals at Black Gay Pride events who (1) were assigned male sex at birth; (2) reported having a male sexual partner in their lifetime; and (3) were 18 years or older. Overall study design and sampling strategies have been described in greater detail elsewhere. 18, 19 This study only includes those who self-identified as "black" or "African American"; had a current gender identity of "male"; reported past-year anal sex with other men; and reported being HIV-positive or reported being HIV-negative and consented to onsite HIV testing, whereupon results indicated HIV-positive status.
A total of 4931 surveys were completed over 3 years by unique participants who identified as men at birth and who were 18 years or older. We identified and excluded: 152 transgender individuals; 223 individuals who did not identify as black; 675 individuals who either who reported no anal sex with male partners in the past year, or whose past-year sexual behavior data were missing; and 2652 individuals who declined to either report or assess their HIV status, or whose HIV-negative status was confirmed onsite. This resulted in a sample size of 1229 HIV-positive black MSM.
Procedures
Participants completed an anonymous, behavioral health survey designed to take approximately 20 minutes. To assess whether individuals took the survey more than once, participants were asked a series of questions to create a unique identifier code. 20 We identified 204 duplicated participants and included only their first response in the current study. The behavioral health survey contained questions about HIV-testing history and status: participants who responded that they were HIV-positive answered further questions related to the HIV care continuum (see measures below), whereas participants who self-reported HIV-negative or unknown status were offered the opportunity to receive a confidential HIV test from a local, community-based organization-located onsite. Community-based organizations used their own rapid HIV-testing protocol and one of 3 rapid HIV tests: (1) Oraquick (OraSure Technologies, Inc., Bethlehem, PA); (2) Clearview STAT-PAK (Alere Inc., Waltham, MA); or (3) INSTI (bioLythical Laboratories, Richmond, BC). If participants accepted confidential HIV testing, they received their HIV test result and $20. When participants declined confidential HIV testing, they were offered the opportunity to provide and anonymous OraQuick mouth swab sample for the purpose of epidemiological surveillance. Participants providing an anonymous mouth swab sample did not receive their HIV test results but did receive $20. Participants who declined both forms of HIV testing were compensated $10 for completion of the survey. HIV test results were anonymously linked to survey files through a unique subject ID. All study procedures were approved by the Institutional Review Board at the University of Pittsburgh. sexual identity. City and year sampled were included as covariates in multivariable models. Ethnicity, annual income ,$10,000, and age (40 years and older) were treated as dichotomous covariates in multivariable models.
MSMW Status
Participants who reported 1 or more past-year male anal and 1 or more past-year female anal or vaginal sexual partners were classified as MSMW; those reporting 1 or more pastyear male anal sex partners, but no past-year female vaginal or anal sex partners, were classified as MSMO.
Sexual Identity
Participants were asked how they identified their current sexuality. Choices included gay/same-gender loving; bisexual; straight; and other. Based on sexual behavior and identity responses, we further classified individuals in post hoc analyses (see below) as gay-identified MSMO (gay MSMO); gay-identified MSMW; bi-identified MSMO; bi-identified MSMW; straight-identified MSMO; straightidentified MSMW; other-identified MSMO; and otheridentified MSMW.
Psychosocial Comorbidities
Dichotomous measures for past-year intimate partner violence (IPV), past-year physical assault victimization, current depression symptoms (CES-D-10), and polydrug use (use, in the past 3 months, of 2 or more of the following substances: GHB, ecstasy/MDMA, prescription opiates not prescribed for them, heroin, methamphetamines, powder cocaine, crack cocaine, poppers, and marijuana) are described elsewhere in greater detail. 15, 21 
HIV-Positive Unaware Status
Self-report and biological data were used to assess HIV-positive unaware status. HIV-positive aware status was determined if participants identified themselves as HIV-positive in the questionnaire. HIV-positive unaware status was determined if participants received an HIVpositive test result and responded "HIV negative," "indeterminate," or "I don't know," when asked the result of their most recent HIV test, or who responded that they had never previously received HIV test results. As per Gardner's care continuum and its operationalization by federal entities, we considered those participants who were HIVpositive unaware to constitute a subset of the total subsample of HIV-positive MSM in our study: in this way, we could estimate the percentage of those who were HIV positive but undiagnosed, thereby characterizing the first step in the HIV care continuum. 3, 22 
HIV Care Continuum Measures
Participants who reported being HIV-positive aware were asked whether they had ever received HIV care ("Have you ever been seen by a doctor, nurse, or other health care provider for a medical evaluation or care related to your HIV infection?"); whether they were currently receiving HIV care ("Are you currently being seen by a doctor, nurse, or other health care provider for a medical evaluation or care related to your HIV infection?"); and whether they were currently taking ART ("Are you currently taking antiretroviral medicines to treat your HIV infection?"). Participants were given response options of yes; no; or prefer not to say. To assess viral suppression, participants were asked, "What were the results of your most recent HIV laboratory tests (viral load)?" Participants were given response options of undetectable; detectable, but under 10,000 copies, 10,000-100,000 copies, and higher than 100,000 copies; don't know; refuse to answer; and not applicable. Responses were dichotomized into undetectable vs. detectable, with other responses considered as missing.
Statistical Analysis
First, we conducted x 2 analyses to assess differences in sociodemographics and psychosocial comorbidities between black, HIV-positive MSMW and MSMO, using Fisher's exact tests for small cell numbers (n , 5). Then, we conducted a brief series of multivariable logistic regressions to assess differences in HIV care continuum outcomes between MSMW and MSMO groups, adjusting for sampling differences (eg, city and year), categories with significant x 2 differences (eg, income), and previous research on sociodemographic predictors of viral load outcomes among HIV-positive MSM (eg, older age and Hispanic ethnicity). 7 Analyses predicting HIV-positive unaware status included the full sample of HIV-positive black MSM (n = 1229); analyses predicting HIV care uptake and viral load suppression included only those participants who were HIV-positive aware (n = 720). A parallel set of post hoc multivariable logistic regression analyses contrasted HIV care continuum outcomes across sexual identity/behavior categories, using gay-identified MSMO as the reference group.
We then built a structural equation model (SEM) to examine pathways between MSMW status and detectable viral load. After previous research on bisexual health disparities, 15, 23 we constructed an SEM assessing total, direct and indirect pathways between MSMW status, socioeconomic status, psychosocial comorbidities, and detectable viral load, adjusting for age, Hispanic ethnicity, income, education, and city and year sampled, reporting beta coefficients and observed information matrix standard errors. Latent variables in this model were created for socioeconomic status (comprised annual income and educational attainment) and psychosocial comorbidity (comprised of physical assault, IPV, polydrug use, and depression symptoms). We conducted sensitivity analyses for absolute model fit, applying a threshold of ,0.08 for standardized root mean square residual before interpreting results. 24 Based on results from this model, we conducted a post hoc analysis, constructing an SEM to test for serial mediation by deconstructing the latent psychosocial comorbidities variable to assess (1) the mediating effects of violence victimization (IPV and physical assault) on the relationship between MSMW status and psychosocial state (depression symptoms and polydrug use) and (2) 
RESULTS
In the overall sample of 1229 HIV-positive, sexually active black MSM, 720 (58.6%) were aware of their HIVpositive status. Table 1 shows that 1033 (84.1%) participants reported sex with men only and 196 (15.9%) reported sex with both men and women. There were no significant differences between these groups in older age, Hispanic ethnicity, and city or year sampled. There were marginally significant differences (P , 0.10) in educational attainment between these groups, with lower proportions of MSMW reporting achieving college and graduate degrees. Significantly higher proportions of MSMW reported annual incomes of less than $10,000 (32 Results from multivariable logistic regressions adjusted for sociodemographics are shown in Table 2 . HIV-positive MSMW were significantly more likely than HIV-positive MSMO to report being unaware of their HIV-positive status [56.4% vs. 38.3%; adjusted odds ratio (aOR) = 2.17; 95% confidence interval (CI): 1.58 to 3.00]. Black MSMW constituted 11.8% (n = 85) of the total number of HIVpositive, sexually active black MSM aware of their HIV status in this sample (n = 720). In this subsample of HIVpositive aware black MSM, MSMW were significantly more likely than MSMO to report never accessing HIV-related care (7.1% vs. 3.3%; aOR = 2.74; 95% CI: 1.05 to 7.16) and to have a detectable viral load (31.5% vs. 15.5%; aOR = 2.34; 95% CI: 1.31 to 4.19). There were no significant differences between these groups in current HIV care or ART uptake. Low-income status and younger age significantly predicted unknown positive and detectable viral load (P values ,0.05; data not shown); sociodemographic characteristics were not otherwise associated with HIV care continuum outcomes. Table 3 shows total and indirect effects of the relationship between MSMW status and detectable viral load among black, sexually active, HIV-positive aware MSM. In a structural equation model accounting for sociodemographics, city, and year sampled, the total effect of MSMW status on detectable viral load was b = 0.16 (P = 0.001). Pathways showing total and indirect effects of the relationships between MSMW status, psychosocial comorbidities, and detectable viral load are shown in Figure 1 . Figure 1 also shows that MSMW status significantly predicted (b = 0.17; P , 0.001) the latent psychosocial comorbidities mediating variable (composed of IPV, physical assault, depression symptoms, and polydrug use).
Psychosocial comorbidities were marginally associated with detectable viral load (b = 0.09; P = 0.07), and explained 12.9% (95% CI: 6.7% to 14.5%) of the relationship between MSMW status and detectable viral load, constituting a significant indirect effect (b = 0.02; P = 0.01). The SEM had a standardized root mean square residual ,0.03, achieving the absolute model fit threshold of ,0.08.
Pathways showing total and indirect effects of the relationships between MSMW status, psychosocial comorbidities, and detectable viral load are shown in Figure 1 .
Supplemental Digital Content Appendix 1, http://links. lww.com/QAI/B112 shows frequencies and aORs of HIV care continuum outcome by sexual identity/behavior groups among sexually active, HIV-positive black MSM in this sample. Compared with gay-identified MSMO, bi-identified 
DISCUSSION
Our findings provide further evidence that, in the United States, behaviorally bisexual men (MSMW) who are HIVpositive are less likely than men who have sex with men only (MSMO) who are HIV positive to uptake biomedical care and secondary prevention. Differences between these groups were not small: MSMW were more than twice as likely to be HIVpositive unaware; almost 3 times as likely to have never obtained HIV care; and 2.3 times as likely to be virally unsuppressed. These results align with other recent studies that show significant HIV-related health disparities among HIVpositive MSMW, including lower viral load suppression, higher rates of psychosocial comorbidities, and poorer health outcomes. 5, 7, 25 Our study adds valuable information to the literature by analyzing HIV care continuum disparities entirely within a population of black MSM. Moreover, our findings that psychosocial comorbidities (violence victimization, depression symptoms, and substance use) contribute substantially to HIV care continuum disparities among black, sexually active, HIVpositive MSMW provide important explanatory factors for these disparities and indicate potential areas for interventions intended to improve HIV-related health outcomes and reduce transmission risk in this population.
Most (56.4%) sexually active, HIV-positive black MSMW in this sample reported being unaware of their HIV status. Black MSMW were 2.2-fold as likely as black MSMO to be HIV-positive unaware, although a substantial proportion of MSMO (38.3%) was also unaware of their HIV-positive status. Given HIV incidence rates of more than 4% among black MSM in general, and even higher rates among young black MSM, these data underscore a profound need for the design, implementation, and evaluation of targeted, engaging, and routine HIV-testing services for this population. 18, 26 Our findings also demonstrate that HIV care continuum outcomes are particularly disparate among men who both identify and behave bisexually, highlighting the need to more effectively target HIV prevention, testing, and care services for black bisexual communities. In particular, it is essential that HIV testing and early HIV identification interventions be developed specifically for black bisexual men. Culturally congruent interventions, built to acknowledge the barriers that biphobia, racism, and HIV stigma present to black bisexual men's disclosure of same-gender sexual behavior to health care providers, are most likely to be effective in increasing their uptake of HIV testing. 27, 28 Previous research on psychosocial health conditions among black MSM (including those who are HIV-negative) sampled by POWER has found that MSMW experience significantly higher rates of violence victimization, depression symptoms, and polydrug use than MSMO. 15 These disparities were explained in part by their relatively lower rates of gay community support; gay community support, in turn, was significantly associated with lower rates of sexuality disclosure to family, friends, and health care providers, among others. 15 Previous research on HIV-positive MSM in general has found that psychosocial health disparities, including depression and polydrug use, are strongly associated with poorer ART adherence and viral load suppression. 25, 29 Social support, however, may modify the effects of psychosocial comorbidities on HIV care outcomes, and may be particularly beneficial for HIV-positive MSMW, especially those who are black. 13, 30 This study shows that the higher rates of physical assault victimization, intimate partner violence victimization, depression symptoms, and polydrug use experienced by HIVpositive black MSMW are significant indirect contributors to their greater likelihood of being virally unsuppressed than HIV-positive black MSMO. It is likely that social stigma particular to bisexual identity, bisexual behavior, and their intersection, coupled with few community opportunities for bisexuality-specific social support, 30 creates conditions for violence to occur, for depression to develop, and for substance use to persist as a form of coping. 10 Although few interventions for bisexual men, including those who are black, were designed and evaluated during the first 30 years of the HIV/AIDS epidemic, in recent years promising pilot interventions have been evaluated and shown to be effective in reducing HIV-related risk behavior among black MSMW. 27, 31, 32 However, there remains a lack of rigorously evaluated interventions designed specifically to assist sexually active, HIV-positive, black MSMW in navigating the HIV care continuum, which are essential in the Treatment as Prevention (TasP) era. Furthermore, interventions intended to reduce social stigma (eg, biphobia) among bisexual men, the theoretical distal cause of HIV-related health disparities, have not yet been implemented and evaluated, nor have interventions been designed and fielded on any broad scale that attempts to reduce psychosocial health disparities such as depression, polydrug use, and violence victimization that are implicated in poorer HIV-related outcomes among behaviorally bisexual men, including those who are black. In addition, our findings related to income differences between MSMW and MSMO provide further evidence that bisexually-behaving men face socioeconomic disparities. To date, researchers have suggested pathways for income-related disparities among bisexual men, including lower school attachment 33 and higher rates of school-related violence, 34 which confer structural barriers to educational attainment that may lead to lower income in adulthood. 35 We note that income was an independent predictor of viral load in our models and recommend that interventions remediating sequelae of structural stigma, such as education, employment, and health care access, may help remediate HIV care continuum disparities among black bisexual men.
Our results are subject to limitations. First, our sampling strategy was chiefly one of convenience, limited to men who attended Black Gay Pride events and thus may not generally represent the population of HIV-positive, sexually active black MSM in the United States. Second, we did not make additional efforts to sample bisexual men; it is likely that some bisexual men who are less affiliated with predominately gay social scenes (such as those who are heterosexually identified) were not well represented in this sample. Third, our HIV care continuum measures, including self-reported HIV-positive status, HIV care uptake, and viral load suppression, were not confirmed by additional onsite testing or medical records extraction, national or state HIV/ AIDS surveillance systems, or viral load testing, respectively; because of social desirability bias, our reliance on self-report likely overestimates the extent of the sample that has received FIGURE 1. Total and indirect path coefficients between bisexual behavior, psychosocial morbidity, and detectable viral load among HIV-positive aware men in POWER, 2014-2016 (n = 720). ***P , 0.001; **P , 0.01; *P , 0.05; t P , 0.10. Solid lines represent significant total effects pathways at P , 0.05. Dashed lines represent marginally significant total effects pathways at P , 0.10. Plain text represents total effects path coefficients; italicized text represents indirect effects path coefficients. Pathways show beta coefficients and observed information matrix standard errors (parenthesized). Effects for covariates (age, year, city, Hispanic ethnicity, and socioeconomic status) suppressed from figure for interpretability. Standardized root mean square residual (SRMR) = 0.027.
HIV care and is virally suppressed. These factors also increase the likelihood that our sample overestimates the true extent of those who are HIV-positive unaware; our approach attempted to mitigate this limitation by assessing HIV care, ART uptake, and viral load outcomes only for those participants identifying as HIV-positive aware. Because our results related to HIV care uptake, ART uptake, and viral suppression are subject to substantial information and recall biases, these findings should be interpreted with caution. Finally, because this was a serial cross-sectional sample rather than a prospective cohort study, we were unable to examine the mediating effect of psychosocial comorbidities temporally on the relationship between bisexual behavior and viral load suppression.
Since the beginning of the epidemic, men who have sex with men have disproportionately borne the burden of HIV in the United States. This trend continues today, with significant disparities for black MSM in incidence, prevalence, and care outcomes. Even more marginalized are black MSMW, who experience greater stigma and barriers to HIV prevention, testing, and care. Our findings, showing that a higher burden of psychosocial comorbidities help explain HIV care continuum disparities among black MSMW, have significant implications for HIV care continuum strategies and highlight the urgent need for dedicated intervention development across HIV testing and care for this population. In addition, these findings illuminate that, to some extent, black MSMW may be driving overall disparities in HIV care outcomes among HIV-positive black MSM. Reducing stigma and advancing the care continuum to reach those who are most marginalized is necessary in reducing disparities and the impact this disease has on the lives of Black MSM and the communities in which they live.
